ABSTRACT: Three growing systems of Arabica coffee were evaluated under the energy perspective, in the state of Espírito Santo in Brazil. The systems are conventional cultivation (CC), cultivation with good agricultural practices (CGP) and organic farming (OF). It was made a comparison of the energy flows within these three systems to show sustainable levels of each one based on production average data of several family-farming units. Therefore, we analyzed crop yield, total energy efficiency reverse (TEER), energy efficiency of ripe coffee (EERC) and nonrenewable energy efficiency (NREE). OF system had values for TEER, EERC and NREE of 3.3 4.7 and 7.9 respectively. Yet CC showed values of 1.8, 1.9 and 1.6 for TEER, EERC and NREE respectively. Furthermore, CGP presented values for TEER, EERC and NREE of 0.7, 1.3 and 1.4 respectively. The highest yield was observed in CGP, reaching an amount of 1794 kg ha -1 (17,455 MJ); however, this system expends more energy than it converts. Thus, over those points, OF is the most sustainable system.
INTRODUCTION
Espírito Santo State, in Brazil, has 183.400 ha with crop plantations of Coffea arabica and produces over 2.0 million bags of processed coffee (120,000 tons), which plays around 10% of the gross agricultural output of the State (ESPÍRITO SANTO, 2008) and contributes to national coffee production in 8% (CONAB, 2013) . Coffee production in this area is spread over 20 thousand farming units, of which, some are family-based agriculture, and coffee generates 71% of the production income for each property. Most of these properties (97.3%) use a conventional system to grow coffee and only few of them (0.5%) are certified as an organic farmer (SCHMIDT et al., 2004) .
In recent decades, agriculture has prioritized the implementation of increasing amounts of energy into production systems to increase crop yield. Yield is defined as production per unit of resource and is measured according to resource type. Each possible combination of products and resources can be used as a comparative measure of production efficiency between two or among various agroecosystems, or even set comparisons throughout time (MASERA et al., 1999) .
Currently, the amount of energy demanded by production processes for transformations has often been higher than its return, in terms of product energy value; providing low efficiency and a negative balance (CAPELLESSO & CAZELLA, 2013; FURLANETO et al., 2013; SANTOS et al., 2011; SCHNEIDER & SMITH, 2009 ) regardless social costs associated with disruption of traditional economies.
In a context marked by high-energy dependence and inefficiency of agricultural systems, organic farming is seen as a feasible alternative in the sustainability scenario. Some authors as CLAUDINO & TALAMINI (2013), and SOUZA et al. (2012) asserted that comparisons among systems regarding energy is crucial to understand food chain energy efficiency and potential decreases in fuel consumption with consecutive reduction of greenhouse gas emissions. Also in this context, SOUZA et al. (2009) added that energy balance is a key to ascertain critical points when searching for energy-saving technologies, especially from fossil fuels; it is an important tool and is an indicator of sustainability in agroecosystems.
Given the importance of coffee and the need to verify peculiarities of the production processes with respect to sustainability, this study aimed to analyze, under the energy point of view, different Arabica coffee production systems in family-farming units located in the state of Espírito Santo, Brazil.
MATERIAL AND METHODS
The study started on a census of organic coffee farms (OF) located within the established limits. It served to define the samples of cultivation systems with good practices (CGP) and conventional systems (CC). The areas were separated as follows: a -with similar soil and climatic conditions under organic production and neighbor; b -production data consistent with the state average (ESPÍRITO SANTO, 2008); c -meet CC and CGP production system characteristics (INCAPER, 2009 ) and d -areas that fulfill provisions of family-farming legislation. 
Energy balance and efficiency
The energy balance was carried out through energy equivalence by converting raw materials, work, processes, as well as machinery and equipment depreciation into energy coefficients scaled in megajoules (MJ), following recommended methodology found in literature (KHOSRUZZAMAN et al., 2010; CHECHETTO et al., 2010; PRUEKSAKORN et al., 2010; SALLA et al., 2010) .
As input data, it was accounted the human labor, which consists on the amount of mean human effort in energy value (10 MJ.day -1 ) or its hourly equivalent (1.25 hour -1 MJ) . Chemical fertilizers were also taken based on information of AUDSLLEY et al. (1997) (FRANCO, 1999) , which was applied in this study.
Once recorded input and output inflows per hectare and year, several energy efficiency indexes were found, pointing information on energy use in each of the coffee production systems. Among studied indexes, we may quote: a. total energy efficiency reverse (TEER) that matches inputs and outputs; b. energy efficiency of ripe coffee (EERC), which makes a relation of inputs and outputs up to the harvest of ripe or pulped cherries (without processing); and c. non-renewable energy efficiency (NREE) being the ratio of non-renewable inputs and outputs. Methodology used to calculate energy intake, as well as TEER, EERC and NREE, was based on literature findings (ARAUJO et al., 2013; VELOSO et al., 2012; GIANNETTI et al., 2011b; JASPER et al., 2010; ASSENHEIMER et al., 2009 ). Data underwent descriptive statistics by means of analysis of variance (ANOVA). Averages were compared through Tukey and Mann Whitney tests at 5% (p =0.05).
RESULTS AND DISCUSSION

Yield and energy inputs
Average yield of CC, OF and CGP systems for 2008-2009 season were 4,998; 2,667 and 11,499 kg, respectively. The highest performances of both evaluated seasons were observed for CGP system. Moreover, yield (kg ha -1 MJ ha -1 ) had differences among cultivation type (F = 25.24, P = 0.0000). Such differences draw a distinction between CC and OF against CGP, and there has been no significant variation between OF and CC (Table 01) . CC values were similar to the averages of the Arabica Coffee Production Chain in Family-farming Agriculture (SCHMIDT et al., 2004) . Table 2 shows the mean energy consumption of each system regarding the used feedstock and exhibits the energy share of each material. In general inputs of the systems, there are significant differences (F = 28.56, P = 0.0000) related to production, with higher energy consumption in the CGP system. These differences are mainly due to higher use rates of machinery, equipment and fertilizers compared to the other two systems, corroborating information identified in Siqueira et al. (2011) . These factors together account for 93.2% energy intake of CGP system (Table 2) .
OF and CC did not differ statistically for total input values. Regarding OF, it might be related to organic fertilizer transportation, what has energetically encumbered this system, once it was used fossil fuel and lubricant. In this sense, it becomes important to produce an amount of biomass to serve as organic fertilizer, since it would decrease energy consumption and would present a greater number of renewable and local inputs, aside from lowering material energy flows.
Energy contribution referring to workforce differs significantly between CC toward OF and CGP systems, while the last two cropping systems do not differ from each other ( Table 2 ). Despite not differing statistically CGP system, the largest labor force demand is given to the OF system (711.20 MJ), which had 20.66% of the total energy intake of the system. Whereas for the CC system, this contribution was only of 4.24% (402.50MJ). These findings meet values reported by Pimentel et al. (2005) , who observed an average of 15% in workforce requirement on an organic farming system against conventional one; this value can assume percentages of 7-75% increased energy demand. SIQUEIRA et al. (2011) have also found similar result by assessing socioeconomic sustainability of conventional and organic coffee cultivation in Espírito Santo StateBrazil.
Energy intake related to fertilizer inputs had statistical differences among the three cropping systems (Table 2) . CGP showed higher energy consumption (12,089.80 MJ), which accounted for Energetic sustainability of three arabica coffee growing systems used by family farming units Eng. Agríc., Jaboticabal, v.35, n.3, p.397-405, maio/jun. 2015 401 47.43% of inputs in this system. Therefore, it reveals that such system is marked by great fertilizer consume, followed by CC (6,258.80 MJ) and OF (28.30 MJ) that reached rates of 65.87% and 0.82% over total energy intake, respectively. The reduced contribution regarding fertilizer inputs of OF is justified by its distinctive nutritional management, which adopts organic fertilization as base of plant nutrition. On the other hand, the highest energy intake of CC (65.87%) is due to an intensive use of fertilizers, which is widely applied in conventional systems.
Concerning crop protection inputs, results showed no significant difference between CGP (1,084.10 MJ) and CC (1,558.30MJ), contributing with 4.25% and 16.40% of the total energy intake of each system, respectively (Table 2 ). For the OF system, energy intake was not observed regarding the use of pesticides, since it is not allowed in OF systems.
Energy spend of machinery and equipment showed statistical difference among systems (Table 2) . OF accounted for the highest consumption, around 78.52% of the total amount, contrasting literature reports (TURCO et al., 2012; SOUZA et al., 2011) . It emphasizes organic system lower energy expenditure on machinery and equipment. However, in this study, it was observed a significant need to purchase and carry organic fertilizers over long distances.
In addition, CC system had the lowest energy demand for machinery and equipment inputs (1,282.40 MJ), corresponding to 13.50% of total energy intake. Conventional farming systems have a greater reliance on mechanization (CAPELLESSO & CAZELLA, 2013) ; however, this is not observed in this study, since the farms are family-based and mechanization is not customary. Furthermore, even adopting conventional farming practices, family based agriculture has less dependence on energy inputs related to machines compared to corporate farming. CGP had the highest energy consumption (11,669.00 MJ), corresponding to 45.77% of all energy inputs. Moreover, mechanization was used in large proportions in the CGP system, especially in activities related to processing.
In respect of post-harvest and processing managements, OF and CC energy costs were predominantly low, since ripe coffee is prevalently dried using solar energy. While for the CGP, there has been a high demand for energy in drying and processing operations, which are performed by means of equipment that requires wood and electric power for process performance (Table 2) . Table 3 shows energy analysis strengthening for CC, OF and CGP, in MJ per ha. With regard to TEER, it was not observed any statistical difference between OF (3.3) versus CGP (0.7) or CC (1.8); and the last two had no statistical differences (Table 3 ). Confirming findings of GELFAND et al., (2010) , who highlighted the advantage of OF in energy efficiency against conventional systems. Within the findings of VELOSO et al. (2012) and Souza et al. (2009) , the lowest energy efficiency coefficient "one" (01) indicates a system that import virtually all energy consumed during production; it shows that for CGP, it should be reviewed aspects of energy conversion mainly about reusing local inputs, once this system imports more energy than produces it (Table 3) . EERC showed statistical difference between OF (4.7) towards CGP (1.3) and CC (1.9); while the latter two did not differ statistically to each other (Table 3) . It also confirms the improved efficiency of OF systems, when analyzing energy intake until harvest stage of ripe coffee compared to other cropping systems. CGP and DC systems had EERC value of 1.3 and 1.9, respectively; it indicates that during growing phase, such systems import a greater amount of energy compared to OF one. NREE, which was obtained through the ratio between total output and non-renewable energy for each system, presented statistical difference from OF (7.9) to CGP (1.4) and CC (1.6); nevertheless, CGP and CC were not statistically different (Table 3 ). The value observed for OF indicates lower use of non-renewable sources of inputs (PIMENTEL et al., 2005) , before CGP and CC. The share of renewable energy, at 47.4%, 38.1% and 17.8% for OF, CGP and CC respectively (Table 3) , reaffirms OF system primacy.
Working with the emergy accounting in a conventional coffee production, GIANNETTI et al. (2011a) and GIANNETTI et al. (2011b) found that even using relevant forms of renewable energy, such as organic fertilizers, the planting stage in CC showed higher energy consumption, such as chemical fertilizers and other non-renewable energy inputs, which actually committed the sustainability of this agro-ecosystem. This information can be extrapolated to CGP system that uses 38.1% renewable energy, but the energy sustainability of such cultivation system is compromised by other factors such as chemical fertilizers, machinery and equipment. Table 3 also demonstrates values related to energy contribution per kg of product, corresponding to 12.4, 4.0 and 14.3 MJ.kg-1 of processed coffee for CC, OF and CGP, respectively. CC and CGP systems had higher energy requirements per unit of output, since the use of energy inputs, especially non-renewable, are common in such systems, occurring in greater proportion in CGP. The variable in question is presented with the best efficiency for OF, reporting the lowest energy requirement for conversion per product unit. MORA DELGADO et al. (2007) , performing an energy analysis of coffee production in family-farming units of Costa Rica, noted that organic farming system showed the best efficiency. The authors observed that to produce one kg of cherries, it was invested an amount of 0.51 MJ, whereas for conventional and mixed farming systems, it was 1.06 and 0.97 MJ.kg -1 cherry coffee, respectively. Now, in this study, the energy consumption to produce one kg of coffee cherries was 0.50 MJ, 2.22 MJ and 1.61 MJ for OF, CC and CGP, respectively. Based on the findings of the abovementioned authors, indexes related to one energy unit to produce one kg of coffee cherry from CC and CGP systems, in the current research, must be improved by reducing energy intake and/ or increasing energy conversion. TURCO et al. (2012) evaluated the energy efficiency of organic coffee in Southern Minas Gerais State -Brazil, and found a value of 5.6. Whereas, in this study, we found a TEER of 3.3 (Table 3 ). The lower efficiency observed here is mainly due to transportation of organic fertilizers, which was evidenced when assessing machinery and equipment energy inputs.
OF energy analysis printed a higher level of sustainability of the CC and CGP systems, corroborating data from the literature (TURCO et al., 2012; ALLUVIONE et al., 2011; GABRIEL et al., 2011; MORA-DELGADO et al.; .
